ABSTRACT -This study assessed the risks of different management practices to increase pregnancy rate in beef cow-calf systems, aiming at assisting decision-making. The perception of 18 experts on animal sciences regarding the risks of 32 nutritional, breeding, and general management practices applied to increase pregnancy rate were evaluated through questionnaires. The experts were selected by a non-probability sampling of researchers on veterinary and animal sciences. In addition, five farmers and eight technical consultants were also selected. The questionnaire was applied during a face-to-face meeting. The risk of each practice was assessed according to four factors, namely, cost, technical knowledge, operational complexity, and flexibility, and an equation was developed to calculate this risk. The applied method allowed to determine the risk of each practice, obtaining results similar to those previously perceived by the experts. Operational complexity and cost had greater influence on the estimated risks compared with the other factors. Moreover, the increase of one unit in operational complexity and cost increased the perceived risk and the estimated risk scores in 0.43 and 0.28 points, respectively. Overall, the application of general management practices presented lower risk score compared with nutritional and breeding practices, which were not different from which other. Equations to estimate the risks of farm managers should routinely apply management practices to increase the efficiency of cow-calf production systems.
Introduction
Technologies in the last three decades changed Brazilian beef cattle, increasing its productivity and taking the country to a prominent position in the international market (Dill et al., 2015a) . However, the adoption of new technologies takes a long time due to the complex environment managers work on (Weisenfeld and Ott, 2011) and the low profitability of beef cattle systems, particularly with the economic challenges faced by cow-calf systems (Oaigen et al., 2008) .
In addition, these systems are usually based on grazing on low-quality pastures, resulting in low reproductive efficiency with use of large tracts of land with little or no subdivision and supplementation (Dick et al., 2015) . Thus, reproductive efficiency, which can be measured by the pregnancy rate (Burns et al., 2010) , is relatively low in Brazil, around 60% (ANUALPEC, 2015) .
In this context, the use of technologies should be implemented to optimize the reproductive efficiency, which include the nutritional support for cows (e.g., supplementation, pasture management), management practices (e.g., early weaning, sanitary planning), and reproductive strategies (e.g., fixed-time artificial insemination, embryo transfer). However, the risk of failure is always present, and the effects of technologies and their magnitude are influenced by human, natural, and financial resources. Risk is, as a variable that can be measured, a quantifiable uncertainty (Knight, 1921) , and although risk analyzes are more reliable, they are based on more complex methods and require in-depth evaluations of parameters that are frequently not under control of farmers (Cooper and Schindler, 2014) .
This complexity is more concerning in agricultural decision-making, since these firms are affected by many factors. For instance, the adoption of agricultural technologies is influenced by individual, socioeconomic, and cultural factors, as well as by specific characteristics of the technologies, which may provide important perceptions of their risks. Consequently, simple decision support tools are not available, and technology adoption is solely based on the perception of farm managers.
Therefore, this study aimed to assess the risk of management practices to increase pregnancy rate in cowcalf systems, based on the perception of experts and propose a simple and practical model to assist decision-making in beef production systems.
Material and Methods
A questionnaire on management practices on the main technologies to increase pregnancy rate in cow-calf systems was elaborated and applied in Southern Region of Brazil. The technologies and their categories were determined and included in the questionnaire according to a literature review and validated by the experts during the pre-test.
At first, the questionnaire was applied in a pre-test to a select group of seven experts, who considered the technologies evaluated in relation to the categories of technology to which they belong: nutritional, breeding, or management practices. During this stage, corrections were made to include or to withdraw technologies, as well as to reallocate them to other categories, according to the evaluation of the experts. The categorization was used to facilitate the comparison of the types of technologies and to future generalization to other technologies not considered in this study.
The final questionnaire was applied to 18 experts selected using non-probability sampling, according to their relevance on pregnancy rate publications and discussions regarding cow-calf management, as well as their availability to participate in the interviews. The respondents included researchers on veterinary and animal sciences working in public institutions both in research and extension, including specialists in herd statistics, risk analysis, beef cattle nutrition, breeding, animal welfare, and production system management.
In addition, five farmers and eight technical consultants were also invited to answer the questionnaire. The farmers included in the study obtained performance indexes above regional averages and applied at least 10 of the practices included in the questionnaire.
Technical meetings with farmers and experts were carried out to explain the definition of each practice and the guidelines for completing the questionnaire. The survey was applied during a face-to-face meeting and included 32 nutritional, breeding, and general management practices that affect the pregnancy rate in cow-calf systems (Table 1) .
These techniques can be classified as routine practices, which are commonly applied in beef cattle farms in southern Brazil, or innovative technologies, which are those used on a few pioneering farms. All practices were analyzed according to four factors that compose the risk, defined in this study as the likelihood of management practice not yielding the expected results, referred as the probability of failure.
The respondents assigned absolute scores in a fivelevel Likert scale (1 = very low, 2 = low, 3 = average, 4 = high, 5 = very high) for each practice according to risk factor (cost, necessary knowledge, operational complexity, and flexibility) ( Table 2 ). Since risk can be understood as the uncertainty effect on the objectives of the firm, and therefore, is neither positive nor negative (Purdy, 2010) , the estimated risk was evaluated as the probability that the technology will not generate the expected response, which in the present study, is pregnancy rate.
The risks of management practice were compared according to type (process-related vs. input-dependent) and function (management, nutrition, or breeding). Inputdependent practices are those that require a standard product, usually commercially available to all farmers (e.g., vaccines, diets, feed supplements, hormones, etc.). Processrelated management practices are related to organizational strategies, organization of animal categories, feeding practices, management techniques, and tacit knowledge applied to the production system that do not essentially depend on inputs (Johnson et al., 2010; Dill et al., 2015b) .
The questionnaire responses were inputted in worksheets (Microsoft Excel 2010®) , and the effects of the factors (cost, knowledge, operational complexity, and flexibility) on the estimated risk were analyzed by multiple linear regression.
Differences among the average estimated risks of each factor were analyzed by the Mann-Whitney's and KruskalWallis test. The scores estimated by the experts for each factor in each management practice were compared using Friedman's analysis of variance. All data were analyzed using the Biostat software 5.3 (Ayres et al., 2007) , considering a 0.05 significance level.
Factor that composes risk Description
Cost Direct costs involved in the application of a management practice, including inputs, labor, equipment, consulting, and specific infrastructure Knowledge Knowledge level of the respondents on the application of a management practice
Operational complexity Difficulty level of implementing a management practice by farm workers, considering the existing infrastructure and logistics required Flexibility Possibility of being replaced by other management practices that could yield similar results Table 2 -Description of risk factors related to management practices in cow-calf production systems of southern Brazil Based on the scores assigned by the experts, the Risk (R) of each management practice was determined as: R = C + F + OC + K, in which C is cost, F is flexibility, OC is operational complexity, and K is knowledge scores.
Due to the lack of consistent literature regarding the selected factors and to avoid influencing responses of experts, the same weight was applied to all factors. Considering that, depending on the analyzed variable, scores contribute differently to the equation, equivalence values were established (Table 3) .
The calculated risk results were compared with the estimated risks using Williams' G-test and subjected to correlation analysis, considering association degrees higher than 0.70 as significant (P<0.05).
differences were detected among early weaning at 45-60, 60-90, and 90-120 days and for calf removal. Furthermore, greater estimated risk was obtained for early weaning at any age compared with the other practices.
The breeding practices superovulation and embryo transfer, artificial insemination, and fixed-time artificial insemination presented the highest cost and operational complexity scores.
When analyzing the average scores of management strategies, the highest cost score (P = 0.001) was attributed to nutrition (3.5), followed by breeding (2.8) and management practices (2.1). Relative to average operational complexity scores, nutritional and breeding practices presented similar score (3.1), whereas a 2.8 score was obtained for general management. Higher average knowledge score was attributed to breeding practices (3.4), followed by nutritional (3.2) and general management (3.0); however, there was no statistical difference. Average flexibility scores (P>0.05) were similar between nutritional and general management (3.0), followed by breeding practices (2.8).
Estimated risk values were not different (P = 0.07) from calculated risk values and were highly correlated (r = 0.81), validating the method applied (Figure 1) .
The calculated risk of general management technologies was the lowest, and no differences were detected between nutritional and breeding technologies. Input-dependent practices presented higher risk than process-related technologies (Table 5) .
The lowest cost score was attributed to general management practices, while nutritional was considered more expensive than breeding practices. Process-related technologies were attributed lower cost scores than inputdependent technologies. The cost of pasture irrigation and superovulation/embryo transfer were considered very high, while the cost of 22% of the technologies was considered high, 28% average, and 44% low (Figure 2 ).
Results
The estimated risk scores, based on the perception of experts, were affected by risk factors (Table 4) . Operational complexity and cost had greater influence (P<0.01) on the estimated risks of nutritional, breeding, and general management practices. Furthermore, an increase in one unit in operational complexity and cost increased the risk by 0.43 and 0.28 points (maximum = 1 point), respectively. The other factors did not significantly affect the estimated risk.
Relative to nutritional practices, the highest estimated risk score was observed for pasture irrigation, which, however, was not different from post-and pre-calving cow supplementation risk scores. Pasture irrigation was also associated to high operational complexity and low flexibility. The lowest estimated risk scores were given to creep-feeding and mineral supplementation, which were not different from each other.
In terms of general management practices, experts considered early weaning at 45-60 and at 60-90 days the most expensive, and no operational complexity risk score Relative to the need of technical knowledge, nutritional practice scores were not different from those obtained for general management and breeding practices. Processrelated technologies were considered less knowledgedemanding than input-dependent technologies. Overall, the experts considered that 22% of the management practices demand high technical knowledge, 75% require average knowledge, and only grouping cows according to calving date received low knowledge scores.
Operational complexity scores of breeding practices were not different compared with nutritional and general management practices. However, nutrition and breeding were considered more complex than management, and process-related technologies showed lower complexity when compared with those dependent on inputs. The other technologies were considered of high (9%), average (69%), and low complexity (19%). Figure 2 -Dimensions related to the risk of management practices to increase pregnancy rates of cow-calf production systems, according to their classification as nutritional, general management, and breeding practices, and as technologies depending on inputs or based on process innovations.
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The flexibility factor presented no difference among the management practices, regardless of their type or function. High flexibility was identified for hay supplementation, calf removal, and two mating seasons per year. The other technologies were considered to have average flexibility (81%), and pasture irrigation, soundness examination of bulls, and superovulation/embryo transfer, low flexibility.
Discussion
This study proposes a combination of empirical perceptions commonly applied for decision-making by farmers (Marques et al., 2011 ) with a rational and documentable method. Although this method was validated in the present study, a guide to assist farmers to consistently quantify the scores should be developed. Moreover, although these results contribute to the understanding of some management practices and may enhance their adoption rate, this study did not include typical questions, such as why some superior technologies have stalled and what factors could affect the willingness of farmers to adopt them (Leeuwis and Van den Ban, 2004; Borges et al., 2016) .
In this context, this study offers a simple method that could be applied as tool for decision-making by farmer managers, technical consultants, and farmers associations, and improve the experience with the adoption of technologies. The use of this tool could expand the efficiency and profitability of cow-calf systems, reducing costs and increase the net margin of this firms.
As expected, innovative technologies, such as superovulation, embryo transfer, and early weaning, were considered the riskiest, perhaps due to the lack of knowledge and their high costs, which increase both their operational complexity and the distrust of farmers as to their results (Oaigen et al., 2008) .
The concerns detected in this study regarding the cost of management practices were also observed by other authors (Rogers, 1995; Mugnier et al., 2012) , highlighting the importance of cost in beef production, and may explain its significant effect on risk perceptions. This is especially evident in cow-calf systems, in which low profitability causes farmers to fear changes in their strategic routine. When facing natural or financial limitations, technologies with clear cost-efficiency are more easily adopted (Rapeya et al., 2001 ) and preferred by cow-calf farmers (Mugnier et al., 2012) . The importance of cost may be related to the familiarity of farmers with this factor, as it must be taken into consideration daily, in almost every decision made, differently from flexibility. Furthermore, there is an additional cost related to new technologies, which is the access to information.
The relevance of operational complexity reflects the observations of other studies that identified that simple technologies are the most widespread (Denis et al., 2002) . Operational complexity was also discussed by Rogers (1995) , who highlighted the possibility of testing the technology on a small scale on the farm, and of foreseeing its results as factors that contribute to the adoption of a technology. Complexity can be reduced by performing field trials and presentations, contributing to the broadcast of consolidated strategies. Besides, when a technology is widespread, it can be used in a variety of situations, increasing its reliability (Weisenfelda and Ottb, 2011) . In addition, the exchange of experiences and information may minimize the perception of operational complexity and contribute to the adoption of new technologies (Carruthers and Vanclay, 2012) . However, in general, farm managers lack sufficient organization and interest to exchange ideas and experiences (Marques et al., 2011) .
Although technical knowledge did not influence the perceived risk in this study, according to the experts, the knowledge on a specific technology seems to enhance its dissemination (Valente, 1996) and is related to the capacity to adapt it to new challenges. A complicating factor is the limited access to knowledge (Marques et al., 2011) , as there are limited rural extension services for diffusion of new technologies in Brazil, compromising the competitiveness of Brazilian cow-calf systems. Furthermore, flexibility, which also had no influence on the estimated risk, is one of the most important factors of a competitive strategy (Hayes and Wheelwright, 1984) , since the impossibility of replacing a technology with another in case of an unforeseen event, is extremely risky.
Although the proposed method is an interesting tool to support decision-making, risk perceptions are based upon incomplete information and are influenced by new information, individual beliefs, and local culture and traditions. Therefore, the results of its application may vary among individuals and over time (Weisenfelda and Ottb, 2011) . Another relevant discussion is related to the acceptance of new technologies by consumers, who show an upward trend for low levels of innovation acceptance (Barcellos et al., 2010) . Therefore, investments in the newest innovations may pose as a hidden risk and should be made considering the results of in-depth analyses of consumer trends and demands. Nevertheless, productivity is considered as of the basis for sustainable food production when resources are limited (Godfray et al., 2010; Foley et al., 2011) ; as this is the case of many food production systems, the use of the proposed method could motivate the use of technologies and the overall productivity in cow-calf production systems. In general, higher productivity may be achieved by applying current technologies (Lobell et al., 2009 ) and management practices. This issue is central to the Brazilian beef production, demanding the closure of the yield gap, with the recovery of degraded pastures and avoiding production inefficiencies, instead of damaging new areas. However, adding value to a commodity based on socioeconomic and/or environment concerns is difficult to validate and to certify, since those are intangible assets.
Furthermore, management practices should be selected considering the context in which they will be inserted and the goals of the farmer. In Brazil, farmers use technologies because they believe they work or because they see others using it, but find it difficult to evaluate their cost-effectiveness . Moreover, farmers are often driven by the wish to remain updated and competitive, which may lead them to apply the most innovative technologies and solutions, instead of dealing with simple farm inefficiencies that could be easily eliminated.
Overall, we believe that the application of new nutritional, management, and breeding practices in cowcalf systems should be preceded by a preliminary risk assessment according to each factor proposed in the present study (cost, operational complexity, knowledge on the management practice, and flexibility). This will allow farmers to make focused and better-informed decisions on the management practices they wish to adopt, incurring in lower risks.
Conclusions
The risk assessment based on the four factors proposed in this study allowed determining which management practices are riskier in cow-calf systems, as perceived by experts. The operational complexity and implementation cost factors have the strongest influence on the risk of adopting such practices. Despite their importance, technical knowledge and flexibility were not valued by the experts in the decision-making models.
Farm managers and technical consultants may use the results of this study to identify, among the management practices evaluated, those that may result in higher uncertainties in their production model and those that may increase pregnancy rates of their herds.
This study proposed a simple method to assist farmers in the decision-making process of choosing the best technology or management practice to improve pregnancy rate in their systems. This analytical tool should be applied by farmers and technical consultants in real conditions to identify other opportunities and constraints of its use.
